 EA at CV23 could regulate the swallowing in rats underthe physiological condition.
Effect of electro-acupuncture on regulating the swallowing by activating the interneuron in ventrolateral medulla (VLM)
Qiuping
Introduction
Dysphagia is a commonly documented morbidity and affected most of the patients after acute stroke, accompanied with dehydration, aspiration pneumonia, recurrent stroke and so on, resulting in long-life disabilities [Martino R et al.,2005; González-Fernández M et al.,2013] . Therefore, the treatments of dysphagia are really important for the recovery of stroke. There are many treatments for the symptoms of dysphagia after stroke including the swallowing training, cold stimulation, nasogastric diet, electric stimulation and so on. Among them, acupuncture was an effective and primary medical intervention for dysphagia in China and many other countries. It has been accepted that acupuncture is effective in treatment for dysphagia of post-stroke [Lee KW et al., 2014; Geeganage C et al., 2012] . A systematic review including 6010 patients had showed that acupuncture have therapeutic efficacy for dysphagia after stroke [Ye Q et al., 2017] .
In clinical studies, it had been confirmed that acupuncture could specially influence the relevant neural center and the brain waves through different methods [S.F. Hsu et al., 2011] . Some studies demonstrated that various frequencies and types A C C E P T E D M A N U S C R I P T of acupuncture could reconstruct different effective connectivity of neurons [Haitao Yu et al.,2016] . The connection was associated with synchronization relationships which determined the intensity of connection. Furthermore, acupuncture at zusanli could enhance the synchronization of different brain areas by promoting the information transmission, comparing with the pre-acupuncture in delta and alpha bands [Haitao Yu et al., 2017] . And the long-distance connection of the left and right hemisphere also strengthened after acupuncture, which indicated more functional connectivity of the brain network [Haitao Yu et al., 2018] . Those studies indicated that acupuncture could be an effective way to regulate various function in nervous systems. Otherwise, some findings show that acupuncture had specific effects on relevant brain region [Kaptchuk TJ., 2002] . As for the treatment of dysphagia, Lianquan (CV23) was one of the mostly used acupionts. But the underlying mechanism of CV23 for the treatment of dysphagia remains unclear.
The center pattern generator (CPG) of swallowing was at the lower brain stem, which was a function group with several neurons [Jean A et al.,1984] . The dorsal part receives the afferent from high-level central neural system, then the signals sequentially reach the ventral part of swallowing center [Aydogdu I et al., 2001] . The ventral part was composed of nucleus ambiguous (AMB) and lateral reticular formation [Plant RL et al., 1998 ]. And there were motor neuron and interneuron in the ventrolateral medulla (VLM). The effective stimulations could automatically activate the relevant motor neuron and accomplish the coordination of excitation and inhibition process on swallowing muscles [Lang IM et al., 2009] . As a switch interneuron in VLM, it tightly contacts with the fibers of nucleus tractus solitary(NTS) and AMB or other motor neurons [M. Amri et al.,1988] . The extracellular recording of several animals have confirmed that the VLM might be important in swallowing, which was located above or near the AMB [M. Amri et al., 1988; CHIAO GZ et al.,1994] . Moreover, VLM was a complex function area containing the control central of cardiovascular, respiration, central chemoreception and baroreceptor [Oku Y et al., 1994; Umezaki Tet al., 1998; Saito Y et al.,2003] . It was reported that electro-acupuncture(EA) at Chinese acupoints could lower the blood pressure through enkephalin in rostral-VLM [Li M et al., 2016; Li M et al.,2012] . Similarly, the NTS and AMB were also shown to participate in the regulation of EA for different functions, such as the cardiovascular [Gao XY et al., 2011; Tjen-A-Looi SC et al., 2012] , gastrointestinal function [Fang JF et al., 2017] and visceral pain [Liu K et al., 2014] . However, the effect of EA at Lianquan(CV23) for swallowing-related interneuron in VLM was less known up to date. In this present, we aim to detect the effect of EA in regulating the swallowing function via VLM neurons by electrophysiology and immunofluorescence, which was important to further study on dysphagia in clinical. 
Operation
Animals were anesthetized(intraperitoneal) with urethane(1.3g/kg, i.p, Sigma-Aldrich, St Louis, MO, US) and supplemented whenever necessary to maintain anaesthesia at a level at which neither corneal reflex nor spontaneous eye movements occurred. A midline incision was made at the neck and sub-maxillary to record the electromyographic (EMG) in supine position. Then a blunt separation was made to separate the unilateral diagastric anterior and mylohyoid. Thereafter, two insulated bipolar needle electrodes (Hanamori, Japan) were inserted to the unilateral mylohyoid and the reference electrode was inserted into masseter muscle.
After the rats were fixed at the stereotaxis instruments under prone position, an artificial drinking instrument was inserted into the laryngopharyngeal. The instrument was composed of an infusion tube(polyethylene tube, diameter 0.42 mm) through a guided tube(polyethylene tube, diameter 1.9 mm) at the end with a rubber stopper, and the end of catheter was connected with soft palate, using for infusion. Then the middle skin of skull was incised and exposed by removing the re-subcutaneous tissues and periosteum. Afterwards, a hole digged by the cranial drill and a craniotomy was opened on occipital with the skull removed. When the whole cerebellum was exposed, the meninges over the medulla were removed to pass the tungsten electrodes. And the exposed surface was covered with warm paraffin oil.
Throughout the experiment, the animals' body temperature was maintained between 36 to 38°C by a temperature control device.
The EMG and Extracellular Recordings
The EMG of the unilateral mylohyoid was recorded to monitor the swallowing activities with a recorder (CED 1401 and 1902, Britain) filtered and amplified with 1000 Hz. After the basic condition of the rat was stable, a tungsten electrode (127μm diameter; 9-12 MΩ, Tungsten 577200, American) was fixed on the automatic propeller (multichannelsystems, Germany). During the experiment, the tungsten was stereotaxically placed 1.8 -2.2 mm lateral to the midline, 1-4 mm rostal to the obex and 2-2.5 mm below the surface of medulla[M. Amri et al., 1988] . The obex was used as a marker to position the interneurons in VLM and the readout of monitor was recorded when the electrode approaching the target with the speed of 200µm/s. At least two neurons could be found every rat when every 200µm was considered as a new neuron.
Double distilled water (DDW) infusion and EA Stimulation
The instrument was filled with DDW and connected with an automatically micro-injection pump (Harvard Pump11Elite, USA). Once the discharging neurons of target location were encountered, DDW infusion was used to elicit the swallowing reflex with 180ul/min for 30s. The swallowing numbers were recorded as the basic swallowing. It was recognized as swallowing-related (SR) neuron when the neuron discharge along with swallowing activities. After the baseline was stable, EA was given at Lianquan (CV23) with 1mA, 2HZ for 1min using an electronic stimulator (Multichannels Systems, STG4002-1.6mA, Germany). The reference acupoint was 0.5cm aside CV23 and the depth was about 13mm below the surface. Simultaneously, the responses of neuron firing were recorded. And the DDW was infused again for 30s with the swallowing numbers documented synchronously. Similarly, EA was given to the Neiguan (PC6) (6-7mm depth and 0.5cm aside as reference) with recording the neuron responses and the swallowing numbers after DDW infusion. No EA but DDW infusion was operated, then the swallowing numbers and neuron responses were recorded as control. The neurons were recognized as the electro-acupuncture response(ER) neurons when the discharge rates were increased by 15% or decreased by 15%. And no response neurons were recognized within 15%.
Histological Localization for recording site
After the records of neuronal discharging were completed, 10µA of negative direct current was given through the tungsten electrode for 5s to mark the situation of recording neurons. Thereafter, the rats were euthanized and perfused through the heart with normal saline followed with 4% paraformaldehyde. Then the brain tissues were removed and fixed within 4% paraformaldeyhde overnight. After the
dehydration with 30% sucrose for 72h, frozen sections of the brain were cut and stained with neutral red. Recorded locations that were not correctly located in VLM were excluded from the study.
Immunofluorescence
Twenty-four SD rats were randomly divided into three groups and pretreated with EA at CV23 and PC6 for 20min. After 40-60min, the rats were excessively anaesthetized with Chloral hydrate (100 mg/kg, i.p), followed with the thoracic cavity opened. Then a perfusion with 200ml of phosphate buffered saline (PBS, pH7.4) and 250ml of 4% Neutral Buffered Formalin (NBF) was given transcardially in order.
After that, the brains were quickly removed and placed in 4% NBF at 4℃ overnight. The brain tissues were placed in 30% sucrose until sedimentation. Coronal sections (40µm) were collected from caudal to rostral of VLM. Then the brain slices were rinsed with PBS on the table for three times. After turned to 3% bovine serum album (BSA) and incubate for 1hr in 37℃ water bath, the brain slices were transferred to a primary antibody working fluid (1:500) for 1hr, and then transferred to 4℃ overnight.
Taking from the refrigerator, sections were rinsed for three times on the table before every step. Later, the brain slices were incubated in second antibody working liquid (1:500) with 37℃ water bath for 1hr and mounted on the glass slide. Then the DAPI (1:5000) were used to stain nuclear. Finally, the glycerol combined with PBS was used for sealing. The samples were stored in -20℃ or observed under confocal microscope and photographed.
Data Analysis
The data were analysed in Spike 2, Neuro-Explorer, Microsoft Excel 2010 and SPSS version 19.0 software. The frequencies of neurons were calculated within one minute. And the increased or decreased discharging rates of neurons after EA were counted as the mean and standard deviation (M±SD), the same as the numbers of c-fos expressions in VLM. Image-J was used to calculate the numbers of c-fos positive cells. Comparison between groups was made with Chi square test or one-way analysis of variance (ANOVA) when comparing more than two groups. P<0.05 was considered to be statistically significant between groups. Perhaps, they might be recognized as the "early" neurons. Moreover, there were two behaviors in type one neurons, one disappeared after the swallowing activities stopped and another continuous discharged, which showed in the figure 3A and B.
Results

The General
Type two neurons started to discharge after the swallowing activities began for a while, which might be known as the "late" neurons. Figure 3C and D illustrated that neuron discharges would continue no matter the swallowing activities stopped earlier or later.
3.2 Effect of EA at different acupoints on swallowing and relationship between the swallowing numbers and neurons spike.
The swallowing numbers were counted during DDW infusion after the experiment. Data showed that EA at CV23 could increase more swallowing numbers compared with PC6 and control (Figure 4) . And EA at CV23 was more effective than PC6 (P<0.05). Furthermore, we found that the swallowing numbers were changed with the neuron discharged rates (Fig. 5) . To analysis the relationship of swallowing numbers and neuron discharged rates, the swallowing numbers and neuron discharge rates were counted during swallowing within 5min. Then the correlation analysis was done in SPSS 19.0 and Microsoft Excel 2010. The results showed that the swallowing numbers were linearly related to neuron discharged rates (R²=0.515 P<0.01). As the swallowing numbers added, the neuron discharged rates were increased, which indicated that the swallowing-related neurons were more active while swallowing.
3.3 The effective of EA on the neuron discharge rates and spike patterns After swallowing-related (SR) neurons were ascertained, EA was given to CV 23 and PC6 to identify the electro-acupuncture response(ER) neurons. 60 SR neurons showed excitation or inhibition to EA at CV23 and PC6. As demonstrated in table 1, 50% of those neurons were excited to EA at CV23, while only 28.3% to PC6. And the neurons discharge frequencies increased 10.30±1.99spike/s by EA at CV23, which increased more than PC6 (5.56±1.32 spike/s). On the other hand, there were 31.7% neurons demonstrated inhibited responses to CV23 and 21.7% to PC6. And the neurons discharge frequencies decreased by EA at CV23 (9.86±1.71spike/s) were much less than PC6 (6.17±1.77 spike/s) with significant differences (<0.05, Figure   A C C E P T E D M A N U S C R I P T 6). Totally, there were 81.7% SR neurons responded to EA at CV36, but 18.3% showed no response. For PC6, 50% of them responded to the EA, while the others did not. Figure 7 showed three types of neurons responded to EA at different acupoints, namely excitation, inhibition and no response neurons.
To analysis the patterns of SR neurons in VLM, neurons were sorted and analysed in neuro-explorer with Raster histograms, Autocorrelograms, Rasters and waveforms of neurons. The results showed that the numbers of neurons changed from three to five after EA at CV23, which indicated that EA at CV23 could activate two neurons in VLM. And one neuron was activated after EA at PC6. The variances of the Raster histograms, Autocorrelograms, Rasters and waveforms of neurons after EA at CV23 and PC6 were showed in figure 8.
The above data suggested that EA at CV23 could increase the firing rates and change the spike patterns of neurons in VLM. Obviously, EA at CV23 was more effective on regulating the SR neurons than PC6 in VLM, which might indicated that CV23 could modulate partial swallowing function through the neurons in VLM.
C-fos expressions
After data analysis, c-fos expressions in CV23 group and PC6 group were increased obviously when compared with control group. The numbers of the c-fos positive cells were showed with mean and standard deviation (M ± SD) ( Table 2 ). 
Discussions
The present study aimed to detect the effect of EA at CV23 on swallowing and swallowing-related(SR) interneurons in VLM. The SR interneurons in VLM had been identified in the previous study [M. Amri et al., 1988] . The SR interneurons are important in CPG of swallowing as switch neurons which transmit the swallowing conductions to other motor neurons [Jean A et al., 1984] . Here, the electrophysiology method was used to record the swallowing interneurons in VLM and the effect of EA at different acupoints in those neurons was observed. Our results showed that the EA at CV23 could increase the swallowing numbers and SR neurons discharge rates in VLM. The previous study had showed that the neuron firing in cortex could be changed by acupuncture, which induced direct neuron responses [C. Men et al. 2011 ].The discharge rate was an important indicator of neuronal activities. In the present, the neuron discharge rates and the spike patterns were altered by acupuncture
at CV23, which conformed to the previous studies [S.F. Hsu et al. 2011] .
In clinical research，stimulations at suprahyoid or pharyngeal muscles were effective in improving the swallowing function [Lee DH et al.,2017; Konecny P et al., 2017; Jayasekeran V et al., 2010; Suntrup S et al., 2015] . Meanwhile, the electric stimulations on infrahyoid muscles for healthy volunteers could increase the degree of hyoid elevation during swallowing [Park JW et l., 2009] . Furthermore, the neuromuscular electrical stimulation (NMES) to oropharyngeal was reported that it could augment or enhance the contraction of swallowing muscles through the sensory feedback of pharyngeal or its cortical reorganization [Huang KL et al., 2014] . Those indicated that the physical stimulations on mandibular muscles were effective on swallowing function in clinical. And the stimulations were on or around the acupoint of CV23. Acupuncture was an oldest and scientific somatic stimulus [Zhao JJ et al., 2016] , which could induce the modulation of brain activities [Yi G et al., 2013] . It was proved to work by activating the particular central nervous pathways [Zhao ZQ et al., 2008] . Zhang R et al had demonstrated that the signals of acupuncture were conducted by the myelinated and unmyelinated fibers to central nervous system [Zhang R., 2014] . And the cooperation of electric and chemical signals from acupuncture were important for its clinical treatment effective [J. Shen et al., 2001] . Therefore, EA at CV23 could excite the specific nerve sensory and muscles, then conduct the signals to cortex for regulation on swallowing.
As shown in our study, EA at CV23 could specially activate the activities of SR neurons in VLM. CV23 was sited at the front line of anterior cervical area and was above the Adam' apple which located at Hyoid upper edge depression. There were mandibular, trigeminal and vagus nerve, which cooperated with superior laryngeal nerve to control the normal function of pharyngeal muscle [WANG Feng-yan., 2007] . In another aspect, there were many fascias such as the deep cervical fascia below CV23, which could be seen as trigger points to treat diseases. Moreover, CV23 was at the conception vessel which was always used to cure the neuropathic disease. Dysphagia was caused by stroke leading to the dyskinesia of laryngeal muscles which were dominated by superior laryngeal nerve. The sensory inputs of swallowing were mainly composed of the maxillary branch of trigeminal nerve, glossopharyngeal nerve, and vagus nerve, especially its superior laryngeal branch(SLN) lied below CV23 [Doty RW et al., 1968] . Therefore, the signals from EA at CV23 could be conducted to swallowing CPG through the surrounding muscles and nerves. It had been demonstrated that acupuncture had specific effects on relevant brain region [Kaptchuk TJ., 2002] and cortical neuronal activities [J.L. Fang et al., 2004] . Meanwhile, Acupuncture at points which belong to meridians significantly differs from surrounding points according to the skin impedance [Rezaei S et al., 2012 ] . Therefore, EA at CV23 had specific effects on the swallowing-related neurons in VLM.
PC6 was used as the control acupoint in our study, which was above the median nerves that were innervated by lower ganglion segments [Xin JJ et al., 2017] . Our experiment had showed that EA at PC6 induced much less responses in SR neurons
. Considering different meridians of the two acupionts belonging to, different responses of neurons could be interpreted by the theories of Meridians in China. That was, CV23 was one of the acupoints of Conception Vessel which was in anterior midline surrounded by swallowing muscles and mainly used for the treatment of dysphagia [Chan Sze-ling et al., 2015] . While PC6, belonging to heart meridian, was more frequently used for the Heart relevant diseases including hypertension [Li P et al., 2010] . Totally, EA at CV23 was more effective on swallowing and its relevant muscles than PC6 through the regulation of interneurons in VLM.
Our results showed that the c-fos expressions were increased after EA at CV23 and PC6, which indicated the activation of neurons in VLM. Fos protein could be used as a marker that indicated the activation of neuron activities through lots of stimulus [Kwak Y et al., 2011; He JF et al., 2013] . Within them, acupuncture was an effective way to activate neurons in central system. The previous studies have showed that EA could reduce the c-fos expressions in the area postrema (AP) or inhibit the c-fos expressions in the oxytocinergic neurons of paraventricular nucleus in upper cervical cord [Li S et al., 2017; Yong CY et al., 2016] . In the present study, c-fos was measured in neurons of VLM after EA at CV23 and PC6. Compared with control group, the c-fos expressions in CV23 and PC6 groups were increased. And the numbers of c-fos positive cells in CV23 expressed more than PC6 (P<0.05). It indicated that the SR neurons were activated by EA at CV23 from the perspective of substance. Integrated with the above studies, we could point out that the importance of CV23 in swallowing function.
The present study had revealed that EA at CV23 could regulate swallowing function from the perspective of electrophysiology and substance. The results demonstrated the effect of submaxilary acupoint on part of the swallowing neural pathway from the perspective of biological mechanism. Those findings could enhance the evidence of acupuncture at CV23 for the treatment of dysphagia after stroke.
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